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imxm ] flirianMk^^f*«t«is i a* f- 
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I nGaN, i55^ainGaNWS^iIf#F 
flit (MQW : Hulti -Quantum-Well ) COvSttlt . M g 
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h^X. H*F5rnfi»*tt*f»ftfcfttirSBnfiaflSft 

ifctocmEpaawtflMWfMitcjiM g# H-rsn 

[0009]*^:. aftft^f^^t 
a Nj&»fe* "5 s M2P Sa«¥^f*«(iM gj&« F-T 



2/5/2007, EAST Version: 2.1.0.14 



(3) ^2003-1 1 56 1 0 

3 4 

3ftfcGaNfrG>$rS£i##*L<. dftfcJOpa /cm* 1 X 1 0> 8 /cms ULht-tSClt 
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SflillMI^WHiryK-rGaN**^*"). friepS [00 14]**:. *«WCtJ^T, p-A l GaN/ 

[0010] ft&Jlfc&S. ZOP-A 1 GaN/p- I nGaNg 
[«W<05e»<?5»JB] EtT, 0ffl£#S8L&#f>. 10 ft^pSJil OttpSfc'f.&fcAfc:, pl». «U 

m^immcommcomim^m^m^z^uzmmt if. m F-rsfua*. p-aig a n *K*tt* 

I. . la 1 J2. *&BJ^Illi<9»JgT'*>l>gtt¥©# M g<0 K-mk P - I n G a NlfcStf* M gtf) H— 

*Hii^ffi<0Mft!Bj^*^{i-9-7 r >f 7m. lcr> pm?V?9 M<OM g F-7-G a Nffl 1 1 a<OM gO 

±fc. { 1 ) Al GaNi9 ! fl:6A* V 7T«2, (2) F-7MJ: 0 t^&^MCI&Sg-f fti fcj&flff * L< . £ 

7yb'-TGaN«3. (3) Si K-7'GaNJ: 9& Wei 0 V f (HtfrfoWE) Ofi<TS S. 

l.nIa^?M4, (4 ) Tyb'-rGaNl5, p— A 1 GaN/p— I nG a N^Sffr^plSJ! 1 OcOp 
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S^M^FflfjSOigttJf 9. (9) p-AlGaN ( p -G a N ) Sf&^-pSJl 1 0 fcfcWC . P - A 1 G 

/p- I nGaNjgfg^pMJll 0. (10)MgF- a N JlS,t/ p— I nGaN (p — GaN) JfcD&ffit/IP 

7°GaN/S i K-TGaNSaHF-TpMn V*? h tt, 1 0 0 AWT, X 9#£ L< (47 0 AJilT. «t 9V> 
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PBSftfe^Tpfflllny^^Ml l*>fervH-7*Ga ffi&T-pMMl 0«. p-A 1 GaNJlt P - I n 

Nm5tX'i^.-yi-y^zX nWoy?? GaN (p-GaN) E££SfcJ&ftS-ttT^Jfttl> 

hJ14tf>-S8^Kaj$*» SEtSS-tbtnSny:?? M *^ flUfcf. p-A 1 GaNJfrt^lWBl/Cp-A 1 G 
4iCMtS. 4fc, pMOftttfc bTJi. pfflJny 30 a NlT*fcb->"e «>.*<. p-I nGaN (p-Ga 

Ml l±tf>lJ«£ffi£p:t-$ > y?««52 2£^ N) l*>ijteftTp- I nGaN (p-GaN) MX'fe 

)£L. ^«P*-S>y^»Bi2 2±<!0— gSfcp^-y K« *>oTt>J:V>. b^b&tf'o. I nGaNiliML 

fiE2 3£»j£LT^|>. ■^f^cO'C, I nGa N«0??M#W$ig. i$ffl£BSl 
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GaNfl 1 a) t*Jtt&»4 UVMVIg<OH-rSfc L- [ 0 0 1 7 ] X, #£*fc<OJ®8T*t±. p-A 1 GaN/ 

Ttt. 1 X 1 01 8 /cm3 ~1 x 1 0 2 1 /cm3 . p - I nG aNStS^-pSl 1 0 £fflVVtJgtOI,vtiH 
S4>C#*t<ttlxi0» 9/cm3-3xi 02 0 50 BBLfc^ *»Wtt£ixtclllfeii6 t<0'C'{i'5r< . d«Sr 
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<it. AlGaNfc^LTVtflJfJK, AlGaNf 
-mX'hXW p— A 1 GaN/ p — I nGaNS&f 
k-?Z>ZtX\ AlGaN#-ltit^T^tt*^< 

[0018] \:)±<Dm.mmXM, V f £fflj< -r 

flGa N*>£>=Srl> nSgfliWgtt* ( S i H-7Ga 
Nl) fcpMStt^Sftl (MgF-7GaN|) t 

V\ nSr^tt I nGaNtb<<i»fiO 

A 1 iUti A 1 G a NTJMUT HKWtG a N fc R{R 
^WR* 4 *^*. -?-<7)flil^a«^7cS (In, 
AlWhcOjag) #GaNlc£*flTVVCfcS*»» Ga 
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? \>wkm&h nmmm*mmt lx s i n-r 
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9dfe0ii. mmmitix, p«3^?mi 

ltfettSMgH-TGaNJil 1 at S i H-7'Ga 
Nil l bo«WJt*«Afc3«»Wy7Vi'fcfl*b 
Xs ifc^o»«BE«ftt***i-f*ilHiLfc. 
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h'-rGaNll 1 atS i K-7GaNll 1 b<0K 
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WS»iA 1 GaNXiiGaNKf 

0. 0. 2um<7)ffimX'Btftt 

7yF-7"tiB)£LTi>J:<, pIW 
0UtfMg£F-7L&#^j£LTi£^\ M 
g£F-7-L&# J <^j£-f&l#-&(±. ^«t$l«Mg 

JfiM 1 WSt^tltK L-C , <fc 9A?Wiffi£ffi< ?S & . 
[0 0 2 5] «tW2. 3at«Wi'7/H-3C. 
MgH-7*GaNll 1 aC0KJf$:3 6 At IS i F— 
7GaNfll bOKi?S84At L^>r;P4^1ra 
#^y7VKCOV>-C-e^-ffL, S i H-rGaNl 
1 1 b KfcttS S i H-7'4Sr 0~ 1 . 5xl0i « c 
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[0026] mmm3 . $mm3 x°a. m g f-tg a 

N«l 1 afcSi H-rGaNll 1 bfc<OSl^XBS: 
1 Ommtm^l. M g F— 7"G a NJB 1 l a<7)J8?J¥£ 
10 84AtLS i H-TGaNJBl 1 b<D®W£36Afc 
LtzWrMZtiWX , S i H-/GaNIl 1 bcOS 
i F-T**\ 1. 0X101 8/ cm 3 ^ 2 . 5X1 
0 i 8 / cm 3 . 5X101 8/ cm 3 tL,^3Sac7) 

<Df£jH£, 05K?jcr. 05lc^-t,J;d(c, S i F-7* 
GaNll 1 bCfeft^S i F-7S# { lfSD-f 6tJi:\ 
»«BE«KE*»l6l±1- Sit #WBS fufc . 

[0027] m&MA . mm* XU, M g F-TG a 

NJIl laiSi F— TGaNil 1 1 b t CDJIUf Jt£ 
20 7 : 3Cffl£U *<0JTO«*3Eifc. J2lT0>*3<O5« 

*3 





mn 


Mg : G a NJS I 1 a 


S i : G a NJS lib 


tXT'/M - 1 
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4 9 4 A 


2 1 2 A 


t^7'/>4- 2 


5 


1 4 7 A 


6 3 A 




1 0 


8 4 A 


3 6 A 


■^^^/U4 - 4 


1 5 


5 6 A 


2 4 A 




3 0 


2 8 A 


1 2 A 



ZZX\ S i K-7GaNl 1 1 bcDS i K-7*4(i, 
5xl0i 8/ cm3 ^-cO^mS:. 06, 07 

E&vm&Mmmfmizwmitm i%^z i # 

«. 1 0JSWB«)*&**«>»<$r9. fcttl 5JSISIO* 

[0028] HffeM5 • mtWSfti. M g F-TG a 
N«l 1 atfOffiUf (84A) b S i K-7*GaNfll 1 40 
bOHHE (36A) <9it£7 : 3 fc U 1 JSHWi: 

LTl 0SW»"5®UTfl!ritLfc3y^^bJBt«v> 
T, S i K-rGaNil 1 b<7)S i F-7**£0~ 
1 . 5 X 1 0 1 9 /c m3 <0«HTH*3M:$-fr , CJi# 
|6|«Efc^aj7j2:fFflSUc. **>8ft*H9, 010 
H9(=5rrJ:3fc, *Jt!lJ*R^Httn*]«E« 
S i H-TGaNfll 1 bOS i F-rMtCttfcfc/,* 

[0029] . SatW6Tli. M g F-TG a 

N«l 1 a.<T>®.W (84A) tS i F-7*GaNJll 1 85 50 



Xbcomm ( 36A) <DJt£7 : 3 t lflJHi: 

t? i ommmixmfoitizyf? hmza^ 

X. S i K-7*GaN«l 1 bcOS i K-TM$r0- 
1 . 5X101 Vera 3 CO^HT^SHfcS-efcaif 

yr;Kc:*5UT, *->vmfe*?&7--}V<r>mkX''K'> 

ta. atflHtf. 6 5 0'C, 0. 5«HTff-5fc. * 
CO^*$:01 lC*^". %col&^ Si F-7GaN« 
1 1 b(3, 5X101 8 /cms . 1 X 1 0i 9 /cm 

3 nimw Y-rifrZ^yrMz-o^xte, w=~ 
-mzx o mm<r>wytfwmx-bhz t rfwmzti 
tz. ttz. ztihmMmt. p-3^?h*p- 

GaN<0*JB«TC«!«L/i«^<0ffiK*T** 1 0£J • 
cm± OffiVMlT'fc 0 . *IS^M g F-7°G aNfll 
atSi F-7-GaNJll 1 b bifitmSIMZtlX* 

hay?? vm&mmtiz t ^mx-h izt mm$ 

[0030] 
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1 1 a-MgH-TGaNl, 
20 1 1 b-S i F-rGaNl, 

2 l-n*-5 

2 3-P^°-/H«ii, 
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^NOTICES * 
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JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



EXAMPLE 



[Example] Hereafter, this invention is more concretely explained using an example. 

example 1 . — three kinds of samples which changed the thickness ratio of Mg dope GaN layer 1 la and Si dope GaN 
layer 1 lb in the p side contact layer 11 as an example 1 were produced first, and the electrostatic proof-pressure 
property of hard flow was evaluated, respectively. In this example 1, the thickness of each semi-conductor layer is set 
up as shown in Table 1, and the ratio of the thickness of Mg dope GaN layer 1 la in the p side contact layer 1 1 of each 
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[0022] Table 2 



f No. 




Mg : G a MB 1 1 a 


Si : G a N JS 1 lb 
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9 : 1 


1 0 8 A 
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7 : 3 
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3 6 A 




5 : 5 
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6 OA 



In addition, in this example 1, the amount of Mg dopes of GaN layer 1 la was set to lxl020cm-3, and the amount of Si 
dopes of GaN layer 1 lb was set to 5xl018cm-3. Moreover, each sample was taken as ten periods by making one GaN 
layer 11a and one GaN layer 1 lb into one period. 

[0023] The result of having evaluated the electrostatic-discharge electrical potential difference in the samples 1-3 
produced as mentioned above, respectively is shown in the graph of drawing 2 . In addition, the value standardized with 
the electrostatic-discharge electrical potential difference of a criteria sample (example of a comparison) shows the axis 
of ordinate of the graph of drawing 2 . This criteria sample is constituted like the example 1 except having used the p 
side contact layer as the monolayer which Mg becomes from GaN doped lxl020cm-3. As shown in the graph of 
drawing 2 , it was checked also about which sample of the samples 1-3 of this example 1 that the electrostatic -discharge 
electrical potential difference is improving from the example of a comparison. Moreover, it was checked by setting a 
thickness ratio to 7:3 by this that an electrostatic-discharge electrical potential difference can be made the highest. 
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[0024] In the modification example 1 of an example 1 , between a superlattice p type layer and p mold contact layer 1 1 , 
high impurity concentration can form low AlGaN or a GaN layer, and, thereby, can make electrostatic pressure-proofing 
high more. This low concentration AlGaN or a GaN layer is preferably formed by thickness 0.5 micrometers or less, for 
example, 0.2 micrometers. When forming doping Mg, it is made to become lower than Mg concentration of the 
adjoining layer, although this layer may be formed by undoping, and it may be formed, doping p mold impurity, for 
example, Mg. If it does in this way, as compared with the component of an example 1, electrostatic pressure-proofing 
can be made high more, 

[0025] The sample 4 which made 36 A thickness of Mg dope GaN layer 1 la, and made 84A thickness of Si dope GaN 
layer 1 lb at the samples 1-3 of the example 2. example 1 was added, the amount of Si dopes in Si dope GaN layer 1 lb 
was changed to 0-1.5xl019cm-3 about each sample, respectively, and forward voltage and a radiant power output were 
evaluated about each sample. The result is shown in drawing 3 and drawing 4 . As shown in this drawing 3 , in samples 
1-3, not raising forward voltage was checked, and as shown in drawing 4 , about the radiant power output, as for 
samples 1-4, it was checked by each equivalent to a criteria sample or that it is more than it. In addition, it means and 
the unit of E+18 of drawing 4 and E+19 is [ each (xl018) and (xl019) ] cm-3. 

[0026] In the example 3. example 3, the laminating period of Mg dope GaN layer 1 la and Si dope GaN layer 1 lb is 
fixed with ten periods. In the sample which made 84A thickness of Mg dope GaN layer 11a, and made 36A thickness of 
Si dope GaN layer 1 lb Three kinds of samples which set the amount of Si dopes of Si dope GaN layer 1 lb to 1.0x101 8- 
/cm3, 2.5x1 01 8-/cm3, and 5xl018-/cm3 were produced, and the electrostatic-discharge electrical potential difference 
was measured. The result is shown in drawing 5 . It was checked that an electrostatic-discharge electrical potential 
difference improves, so that the amount of Si dopes in Si dope GaN layer 1 lb increased, as shown in drawing 5 . 
[0027] In the example 4. example 4, the thickness ratio of Mg dope GaN layer 1 la and Si dope GaN layer 1 lb was fixed 
to 7:3, five kinds of samples of the following table 3 which changed the period were produced, and it measured about 
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Here, the amount of Si dopes of Si dope GaN layer 1 lb was set to 5x101 8-/cm3. The result is shown in drawing 6 , 
drawing 7 , and drawing 8 . As shown in drawing 6 and drawing 7 , not depending for forward voltage and a radiant 
power output on laminating periodicity mostly was checked. Moreover, as shown in drawing 8 , it became high [ the 
case of ten periods ] most [ an electrostatic-discharge electrical potential difference ], and, next, it was the case of 15 
periods. 

[0028] The ratio of the thickness (84A) of Mg dope GaN layer 1 la and the thickness (36 A) of Si dope GaN layer 1 lb 
was set to 7:3, in the contact layer which made it one period and constituted it repeatedly the term 10 rounds, the 
amount of Si dopes of Si dope GaN layer 1 lb was variously changed in the range of zero to 1.5xl019-/cm3, and the 
example 5. example 5 estimated forward voltage and a radiant power output. The result is shown in drawing 9 and 
drawing 10 . As shown in drawing 9 , hardly depending for a radiant power output and forward voltage on the amount 
of Si dopes of Si dope GaN layer 1 lb was checked. 

[0029] In the contact layer which set the ratio of the thickness (84A) of Mg dope GaN layer 1 la, and the thickness 
(36A) of Si dope GaN layer 1 lb to 7:3, and was repeatedly constituted [ by making it into one period ] from an example 
6. example 6 the term 10 rounds In each sample to which the amount of Si dopes of Si dope GaN layer 1 lb was 
variously changed in the range of zero to 1.5x1 01 9-/cm3, hole measurement was performed before and behind heat 
annealing. In addition, heat treatment was performed in 650 degrees C and 0.5 hours. The result is shown in drawing 
11 . Consequently, about the sample with comparatively many amounts of dopes of 5x101 8-/cm3 and 1x101 9-/cm3, it 
was checked by Si dope GaN layer 1 lb by heat annealing that reduction in resistivity is remarkable. Moreover, it was 
checked that the contact layer to which these resistivity is values lower than 10 ohm-cm which is the resistivity at the 
time of constituting p-contact layer from monolayer of p-GaN, and it comes to carry out the laminating of Mg dope 
GaN layer 1 la of this application and the Si dope GaN layer 1 lb by turns is effective also in the reduction in resistance. 
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JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



[Means for Solving the Problem] In order to attain the above purpose, the nitride semiconductor device concerning this 
invention It is the nitride semiconductor device which has the barrier layer which consists of a nitride semi-conductor 
between the p side layer which consists of two or more nitride semi-conductor layers, respectively, and the n side layer. 
As for this p mold contact layer, p mold nitride semi-conductor layer and n mold nitride semi-conductor layer are 
characterized by coming to carry out a laminating by turns including p mold contact layer as a layer in which the above- 
mentioned p side layer forms p ohmic electrode. Thus, in the nitride semi-conductor light emitting device concerning 
constituted this invention, since it is formed when the above-mentioned p mold contact layer carries out the laminating 
of p mold nitride semi-conductor layer and the n mold nitride semi-conductor layer by turns, when an electrical 
potential difference is impressed to hard flow forward in the n side by negative, the p side can make high an 
electrostatic-discharge electrical potential difference (electrostatic proof pressure), and can make leakage current small. 
This is considered to be because for a reverse bias electrical potential difference to be impressed mainly to the pn 
junction in the above-mentioned p mold contact layer. 

[0006] In the nitride semiconductor device concerning this invention, it is desirable that the thickness ratio (thickness of 
the thickness / n mold nitride semi-conductor layer of p mold nitride semi-conductor layer) of p mold nitride semi- 
conductor layer to said n mold nitride semi-conductor layer is set or less to nine by one or more. 
[0007] Moreover, in the nitride semiconductor device concerning this invention, it is desirable that the thickness of said 
n mold nitride semi-conductor layer is 60A or less so that forward voltage may not be raised. 

[0008] Furthermore, in the nitride semiconductor device concerning this invention, in order for Si to be doped by said n 
mold nitride semi-conductor layer in order to acquire good n mold conductivity, and to acquire good p mold 
conductivity, it is desirable that Mg is doped by said p mold nitride semi-conductor layer. 

[0009] Moreover, in the nitride semiconductor device concerning this invention, said n mold nitride semi-conductor 
layer consists of GaN by which Si was doped, as for said p mold nitride semi-conductor layer, consisting of GaN by 
which Mg was doped is desirable, and, thereby, it can make the resistivity of p mold contact layer lower. Moreover, in 
the nitride semiconductor device concerning this invention, said n mold nitride semi-conductor layer is an undoping 
layer, and Mg may be doped by said p mold nitride semi-conductor layer. In this case, said n mold nitride semi- 
conductor layer consists of undoping GaN, and, as for said p mold nitride semi-conductor layer, consisting of GaN by 
^wJjkdi Mg was doped is desirable. 



[Embodiment of the Invention] Hereafter, the nitride semiconductor device of the gestalt of operation concerning this 
invention is explained, referring to a drawing. Drawing 1 is the typical sectional view showing the structure of the 
nitride semiconductor device (LED component) which is the gestalt of 1 operation of this invention. The nitride 
semiconductor device of the gestalt of this operation on silicon on sapphire 1(1) The buffer layer 2 which consists of 
AlGaN, (2) the undoping GaN layer 3, n mold contact layer 4 which consists of a (3) Si dope GaN, the (4) undoping 
GaN layer 5, the (5) Si dope GaN layer 6, the (6) undoping GaN layer 7, the (7) GaN/InGaN superlattice n type layer 8, 
and (8) InGaN layers It has the barrier layer 9 of the multiplex quantum well structure which considers as a well layer 
and makes a GaN layer a barrier layer, the (9) p-AlGaN/p-InGaN superlattice p type layer 10, and the structure where 
the laminating of the contact layer 1 1** was carried out to order the (10) Mg dope GaN/Si dope GaN modulation dope p 
side. The electrode by the side of p and n is formed and constituted as follows. 

[001 1] The n ohmic electrode 21 is formed for example, on n mold contact layer 4 which removed from the p side 
contact layer 1 1 to the undoping GaN layer 5 by etching in the corner of a component, was made to expose a part of n 
mold contact layer 4, and was exposed. Moreover, as an electrode by the side of p, the p ohmic electrode 22 is mostly 
formed in the whole surface, and p pad electrode 23 is formed in a part of p side contact layer 1 1 up one which it is on 
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thep ohmic electrode 22. 

[0012] Here, especially the nitride semiconductor device of the gestalt of this operation is characterized by constituting 
the p side contact layer 1 1 by the modulation dope layer which carried out the laminating of Mg dope GaN layer 1 la 
and the Si dope GaN layer 1 lb by turns, and reduces leakage current by this, and is raising electrostatic pressure- 
proofing, as the amount of dopes of desirable Si [ in / on the gestalt of this operation, and / the p side contact layer 1 1 
(Si dope GaN layer lib)]-- three to Ixl021/cm3 of lxl017-/cm - it adjusts to the range of three to 5xl019/cm3 of 
lxl018-/cm still more preferably. It is because it is in the inclination for luminous efficiency to fall by crystallinity 
worsening when the effectiveness which makes leakage current small shows up notably and becomes larger than 
Ixl021-/cm3 by being referred to as three or more lxl017-/cm. 

[0013] moreover - as the amount of dopes of desirable Mg in the p side contact layer 1 1 (Mg dope GaN layer 1 la) - j 
three to Ixl021/cm3 of lxl018-/cm - it is referred to as three to 3xl020/cm3 of lxl019-/cm still more preferably. It is 
because crystallinity as well as the case where Si is doped so much will worsen if p ohmic electrode and better ohmic 
contact are acquired and it is made larger than Ixl021-/cm3 by being referred to as three or more 1x101 8-/cm. 
[0014] Moreover, in this invention, the p-AlGaN/p-InGaN superlattice p type layer 10 turns into a layer into which it 
functions as a cladding layer, and light shuts up, and the electron hole to a barrier layer is injected. Although you may \ 
differ even if the amount of dopes of Mg to a p-AlGaN layer and the amount of dopes of Mg to a p-InGaN layer are the I 
same, although p mold impurity, for example, Mg, is doped in order to use this p-AlGaN/p-InGaN superlattice p type ' 
layer 10 as p mold, it is desirable to set it as an amount respectively smaller than the amount of dopes of Mg of Mg dope 
GaN layer 1 la of the p side contact layer, and, thereby, it can make Vf (forward voltage) lower. Moreover, the p-InGaN 
layer of the p-AlGaN/p-InGaN superlattice p type layer 10 can also consist of GaN layers of Mg dope. 
<[^15]\Moreover, in the p-AlGaN/p-InGaN (p-GaN) superlattice p type layer 10, 100A or less of 70A or less of each 
thickness of a p-AlGaN layer and a p-InGaN (p-GaN) layer is more preferably set as the range of 10-40A much more 
preferably. In this case, even if the thickness of a p-AlGaN layer and the thickness of a p-InGaN (p-GaN) layer are the 
same, they may differ. Although the superlattice p type layer 10 grows up a p-AlGaN layer and a p-InGaN (p-GaN) 
layer by turns and forms them, for example, a laminating may be carried out from a p-AlGaN layer, and you may finish 
with a p-AlGaN layer, and it may be begun from a p-InGaN (p-GaN) layer, and may be finished with a p-InGaN (p- 
GaN) layer. However, since it is easy to pyrolyze an InGaN layer, having finished with the p-AlGaN layer is desirable 
so that the front face of an InGaN layer may not be put into long duration and an elevated-temperature ambient 
atmosphere. 

[0016] Furthermore, in order to make a radiant power output high and to make Vf low, as for the total thickness of the 
p-AlGaN/p-InGaN (p-GaN) superlattice p type layer 10, it is desirable to set it as 2000 A or less, and it sets it as 500A or 
less still more preferably 1000 A or less more preferably. Moreover, as for each thickness of the p-AlGaN/p-InGaN (p- 
GaN) superlattice p type layer 10, it is desirable to make it thinner than each thickness of p mold contact layer. That is, a 
nitride semiconductor device with electrostatic, still higher pressure-proofing can consist of using as a superlattice layer 
the layer which adjoins p mold contact layer of multilayers, and making each thickness thinner than each thickness of n 
type layer of p mold contact layer, and p type layer. 

[0017] Moreover, although the gestalt of this operation explained the form where the p-AlGaN/p-InGaN superlattice p 
type layer 10 was used, an AlGaN monolayer is [ that what is necessary is not to be restricted to this and just to have 
AlGaN at least ] sufficient as this invention. It is in the inclination for crystallinity to become good compared with an 
AlGaN monolayer, for resistivity to fall further, and for Vf to fall by considering as p-AlGaN/p-InGaN superlattice. 
[0018] Although n mold nitride semi-conductor layer (Si dope GaN layer) and p mold nitride semi-conductor layer (Mg 
dope GaN layer) which consist of GaN, respectively constituted p mold contact layer from the gestalt of the above 
operation as a desirable gestalt in order to make Vf low, this invention is not restricted to this. Moreover, if it is AlGaN 
containing InGaN containing In of a minute amount, or aluminum of a minute amount, the same effectiveness as GaN 
will be acquired substantially. Moreover, even if the element (elements other than In and aluminum) of other minute 
amounts is contained in GaN, effectiveness equivalent to GaN is acquired similarly. 

[0019] Moreover, although the Si dope GaN layer was used as an n mold nitride semi-conductor layer which constitutes 
p mold contact layer, this invention is not restricted to this and n type layer of an undoping layer may constitute n mold 
nitride semi-conductor layer from the gestalt of above-mentioned operation. That is, in this invention, the nitride semi- 
conductor layer of undoping may be used as an n mold nitride semi-conductor layer using the nitride semi-conductor 
layer of undoping showing the conductivity of n mold. In addition, when using the nitride semi-conductor layer of 
undoping as an n mold nitride semi-conductor layer, it is desirable to use the GaN layer of undoping. p mold contact 
layer is more preferably constituted combining the GaN layer of undoping, and the GaN layer of Mg dope. 
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